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Quantum corrections to the MSSM h^bb vertex: Decoupling limit 
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We consider the leading one-loop Yukawa-coupling corrections to the h^bb coupling at 0{mt) in the MSSM in 
the decoupling limit. The decoupling behavior of the corrections from the various MSSM sectors is analyzed in 
the case of having some or all of the supersymmetric mass parameters and/or the CP-odd Higgs mass large as 
compared to the electroweak scale. 



1. Introduction 

It is well known that the tree-level couplings 
of the lightest Minimal Supersymmetric Standard 
Model (MSSM) Higgs boson (/i") to fermion pans 
and gauge bosons tend to their Standard Model 
(SM) values in the decoupling limit. Ma S> Mz 
[1]. As a consequence of this decoupling, dis- 
tinguishing the lightest MSSM Higgs boson in 
the large Ma limit from the Higgs boson of the 
SM will be very difficult. Our aim is to deter- 
mine the nature of the decoupling limit at one- 
loop for the couplings of to SM particles. If 
some non-decoupling behavior of supersymmetric 
(SUSY) particles is found, it will provide a clear 
signal for some low energy observables, even if 
MsusY O(TeV). 

In this paper, we focus on the coupling to 
66. This coupling determines the partial width 
of h'^ — > 66, which is by far the dominant de- 
cay mode of ft." in most of the MSSM parame- 
ter space. Therefore, accurate knowledge of the 
h'^bb coupling is very important for Higgs bo- 
son searches. In particular, we study the 0{m^) 
Yukawa coupling MSSM radiative corrections to 
the h^bb vertex at one loop level, and we ex- 
plore their behavior in the decoupling limit. A 
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detailed discussion of the SUSY-QCD corrections 
that arise from gluino and bottom-squark (sbot- 
tom) exchange have been previously given in [2]. 
It has been shown that in the decoupling limit 
of both large SUSY mass parameters and large 
CP-odd Higgs mass, the bb decay width 

approaches its SM value at one loop, with the 
onset of decoupling delayed for large tan/3 val- 
ues. However, this decoupling does not occur if 
just the SUSY mass parameters are taken large. 

The full diagrammatic formula for the on-shell 
EW (electroweak)- Yukawa corrections to the h'^bb 
coupling will be presented in [3] . Here we summa- 
rized the results obtained in this paper. In Sec- 
tion 2 we briefly review the decoupling limit in the 
Higgs sector and the SUSY sector of the MSSM. 
The 0(mj) Yukawa corrections to the /i°66 cou- 
pling are presented in Section 3. Some details of 
the renormalization procedure and a discussion 
of the decoupling properties of these corrections 
are included in this section. Analytical and nu- 
merical results are collected in section 3.2. We 
conclude in Section 4. 

2. Decoupling limit in the MSSM 

The properties of the MSSM Higgs sector at 
the tree-level are determined by just two free pa- 
rameters, conventionally chosen as the mass of 
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the CP-odd neutral Higgs boson M^, and 

the ratio of the vacuum expectation values {veva) 
of each doublet, tan/3 = V2/V1 [4]. 

The decoupling limit in the MSSM is de- 
fined by considering the parameter regime where 
Ma S> Mz- In this limit, the expressions for 
the Higgs masses and mixing angle simplify [1] 
and two consequences are immediately appar- 
ent. First, Ma — M^o ~ Mh±, up to correc- 
tions of ©(Ml /Ma), and M^o ~ Mz|cos2/?|. 
Second, cos(/3 — a) = up to corrections of 
£)(M|/M^). Consequently, the effective Higgs 
sector consists only of one light CP-even Higgs 
boson, whose couplings to SM particles are in- 
distinguishable from those of the SM Higgs boson. 
When radiative corrections to the CP-even Higgs 
mass-squared matrix are taken into account, the 
upper bound on M^o increases substantially to 
Mfto ^ 135 GcV [5]. 

Summarizing the parameters of the squark sec- 
tor, the tree-level squark squared-mass matrix is: 

^l-[mX Ml J ' '^-^'^ W 
with, 

= M| + + cos 2/3 Mz\T§ - Qgsl^) 

=Mlj^ + m1+ cos 2/3 Mz'^Qqs'^ 

Xt = At- ij, cot 13, Xb = Ab- fj,tanl3, (2) 

and sw = sin Ow The parameters Mg and Mjj jj 
are the soft-SUSY-brcaking masses, Ai is a soft- 
SUSY-breaking trilinear coupling and jj, is the bi- 
linear coupling of the two Higgs doublet super- 
fields. 

In order to get heavy squarks, we need to 
choose large values for the appropriate soft SUSY 
breaking parameters and the /i-parametcr. Since 
we are interested here in the limiting situation 
where the whole SUSY spectrum is heavier than 
the clectroweak scale, wc have made the following 
assumptions (see ref. [3] for more details), 

Mq,o,o Mg - /J, - A,,^b MsusY > Mz, (3) 

where Msusy represents generically a common 
large SUSY mass scale. In addition, we have con- 
sidered two extreme cases, maximal and minimal 



mixing, which imply certain constraints on the 
squark mass differences: A. Close to maximal 
mixing {0g ~ ±45°): |M£ - M|| < m^Xg 
\M?^-Ml \ < |M? +M|J, and B. Close to min- 
imal mixing {Og - 0°): |M£ - M^| > nigXg ^ 
\Ml-Ml\ ~ 0\Ml +M? |. Eq. (3) also implies 
that the gluino is heavy. 

Finally, the chargino mass matrix is given by, 

' ( M2 y/2m„sva.f3\ 

^*" = ix/2m^cos/3 J ' 

and in order to get heavy charginos we consider 
the limit: Msusy ~ /i ~ M2 Mz- 

3. 0{rrif) Yukawa corrections to /i° — > bb 

Here we present the one-loop corrections to the 
partial decay width r(/i° bb). We will then ex- 
plore the decoupling behavior of these corrections 
for large SUSY masses, Msusy, and/or large 
Ma- Both numerical and analytical results will 
be presented elsewhere [3]. 

The tree- level h'^bb coupling is given by 

gnibsina 
2Mw cos p 

In lowest order this Higgs-fermion vertex repre- 
sents the Yukawa coupling proportional to the 
fermion mass mf = rub- Note that in the limit of 
large Ma, sina — > — cos/3 and g^bb tends to the 
SM coupHng, g^^ = -gm.b/{2Mw). 

The vertex functions obtained from the set of 
one-loop diagrams are in general UV-divergent. 
For finite onc-particlc irreducible (IPI) Green 
functions and physical observables, renormaliza- 
tion has to be performed by adding appropriate 
countcrtcrms. We follow the conventions given 
in [6] for the renormalization procedure. 

3.1. The aggvapproximation 

The radiatively-corrected hPbb coupling de- 
pends on the mixing angle a. At tree-level, a 
is determined by fixing tan/3 and Ma- At one- 
loop order, there are no 0{as) corrections to this 
mixing angle [2]. However, once one- loop SUSY- 
EW effects are included, the one- loop radiative 
corrections to a must be taken into account [7]. 
It turns out that the dominant contributions to 
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the Higgs boson self-energies can be obtained by 
setting = 0. Consequently, these corrections 
can be absorbed into a redefinition of the CP- 
even neutral Higgs mixing angle a. This is the 
so-called ag-gf-approximation. 

More explicitly, we approximate the renormal- 
ized Higgs boson self-energies by S(g^) — S(0) = 
S. Consequently, the correction to the mixing 
angle, Aa, is related to the rcnormalized self- 
energies and masses. Neglecting terms beyond 
one-loop level, one obtains 



tan Aa 



Ml 



(6) 



where J^i^ojja is the rcnormalized h'^-H^ mixing 
propagator given in [6]. We can then absorb the 
contributions to the hP-H^ mixing, due to the 
squarks/chargino loops, in the redefinition of the 
effective mixing angle a. In this approximation 
one deduces that Zj^ « 1. 

3.2. Analytic and numerical results 

In this section we present explicit results for the 
0(TO( ) EW- Yukawa correction to the hPhh vertex. 
The leading Yukawa contribution to the h^hh cou- 
pling arises from diagrams involving the exchange 
of virtual top-squarks, as shown in Fig. 1. 

At the one-loop level and 0{m^), the h'^bb cou- 
pling can be written as, 

f (/jO ^ bb) - r(/i° ^ bb){l + 2AsusYEw) , (7) 

where T is the one-loop partial width and T is 
the tree-level partial width as in (5). Asusyew 
denotes the 0{m^) radiative corrections to this 
vertex as given in Fig. 1, 



A 



SUSYEW 



A loops I aCT 

^SUSYEW ^SUSYEW ■ 



(8) 



The triangle diagram, with the exchange of stops 
and charginos, contributes to Ag°ugYEw whereas 
the bottom self-energy diagram contributes to 
the contribution of the counterterms, AgygYEw 
We have checked that other triangle contributions 
(with one top-squark and two charginos) and neu- 
tralinos contributions are subleading diagrams; 
hence, these diagrams are not included here. Note 
that our results are in agreement with the corre- 
sponding results of [8]. 



Figure 1. Feynman diagrams for the 0(rn^) cor- 



rections to the 



coupling. 



Expansions in inverse powers of SUSY masses 
are performed in order to examine the decou- 
pling behavior when the SUSY masses are large 
compared to Mz- Concretely, we perform ex- 
pansions of the loop integrals and mixing an- 
gles for MsuSY ^ itlew and isolate terms of 
O {ml^/Ml^syr). Thus, by defining 
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Mi, ^ - (M^ /Ms , (9) 

and including the leading 0(1) terms (i.e., n — 0) 
in the expansion,, we obtain the following result 
for the maximal mixing case, 9^ ±45°: 



9^ 1 2 

WEW-g4^,^^^.^2^m, X 

(tan/3 + cot a) f,{R)+o(^^^ 



'EW 



M2 



(10) 

where the functions fi{R) are defined in ref. [2] 
and have been normalized as /i(l) = 1. 

Notice that the first term in (10) is the dom- 
inant one in the limit of large Msusy [eq. (3)] 
and does not vanish in the asymptotic limit of in- 
finitely large Ms, and At- Therefore this term 
gives a non-decoupling SUSY contribution to the 
T{h° — !■ bb) partial width which can be of phe- 
nomenological interest. Moreover, since this term 
is enhanced at large tan (3 it can provide impor- 
tant corrections to the h° bb total width, even 
for a very heavy SUSY spectrum. The sign of 
these corrections are fixed by the sign of fiAf. 
We find similar results for the minimal mixing 
case, 01 ~ ±0° [3]. 

From this result, we conclude that there is no 
decoupling of stops and charginos in the limit of 
large SUSY mass parameters for fixed Ma- Sim- 
ilar results have been found for the SUSY-QCD 
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corrections [2]. In contrast, most numerical stud- 
ies done so far on this subject indicate decou- 
pling of heavy SUSY particilcs from SM physics. 
How do we then recover decoupling of the heavy 
MSSM spectra from the SM low energy physics? 
The answer to this question relies in the fact that 
in order to converge to SM predictions we need 
to consider not just a heavy SUSY spectra but 
also a heavy Higgs sector. That is, besides large 
MsusY, the condition of large Ma is also needed. 
Thus, if Ma ^ Mz, one can easily derive: 



cot a = — tan /3— 



^tan/Jcos2/J+C)^^J.(ll) 



By substituting this into (10) we see that the non- 
decoupling terms cancel out and we end up with 




1 



m? X 



32n^m'^ sin^ p 

2 

fi (R) tan /J cos 2/3 ^ O 
mil 



which clearly vanishes in the asymptotic limit of 
MsusY and oo. Therefore, we get decou- 

pling if and only if both Mgusv and M^ are large. 

The above non-decoupling behavior is shown 
numerically in Figs. 2 and 3 for tan/3 = 30 and 
SUSY parameters as defined in (3). We show 
the dependence of Asusyew on MguSY (Fig- 2) 
and Ma (Fig. 3). Clearly, in the limit of large 
MsusY, Asusyew tends to a non- vanishing con- 
stant, and this constant tends to zero in the large 
Ma limit. Similarly, in the limit of large Ma, 
Asusyew tends to a non- vanishing constant, and 
this constant tends to zero in the large Msusy 
limit. The solid lines in these figures correspond 
to the exact computation of the squarks/chargino 
loops, and the dashed lines correspond to the re- 
sults of the expansion as in (10). Note that we 
have just considered the leading 0(1) term in the 
expansion. The agreement between the exact re- 
sults and the approximation derived from the ex- 
pansion is recovered when the second term in the 
expansion is included. 

The non- decoupling behavior emerging when 
the SUSY mass scale is much larger than Ma, can 
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Figure 2. Asusyew as a function of Msusy for 
Ma = 200, 300, and 500 GeV and tan/3 = 30. 
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M,= 300 GeV 
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Figure 3. Asusyew as a function of Ma for 
Msusy = 200, 300, and 500 GeV and tan/3 = 30. 



be derived from the low-energy effective theory 
that is obtained by integrating out the SUSY par- 
ticles. This low-energy effective theory contains 
two Higgs doublets, whose couplings to fermions 
are unrestricted (i.e., each Higgs doublet couples 
to both \ip-typc and down- type quarks), charac- 
teristic of the so-called general type-Ill two Higgs 
doublet model instead of the type-II model that 
is assumed in the MSSM with no radiative cor- 
rections included [9]. 

The fact that decoupling is recovered when 
all SUSY mass parameters and Ma are equal is 
shown in Fig. 4. The Asusyew corrections are 
plotted as a function of a common scale Ms for 
different values of tan/3. Clearly, Asusyew de- 
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Figure 4. AgusYEW as a function of Msusy for 
MsusY = Ml = Mr = Ms = Mg = \n\ = = 
Ma and tan/? = 8, 30, 50. 

couples, but this decoupling is delayed at large 
tan/3. For example, even at Msusy — 1 TeV, 
|AsusYEw| — 0.5% for tan/3 ~ 30. The correc- 
tions can be |AgusYEw| — 2% for tan/3 ~ 30 and 
Msusy = 250 GeV. 

4. Conclusions 

In this paper we have studied the 0{mf) one 
loop Yukawa corrections to the h'^bb coupling, 
coming from diagrams involving the exchange of 
virtual stops and charginos, in the limit of large 
SUSY masses. We have performed expansions 
for the SUSY mass parameters large compared 
to the electroweak scale. We demonstrate that 
in the limit of large Ma and large SUSY mass 
parameters, the corrections decouple like the in- 
verse square of these mass parameters, and the 
SM expression for the h'^bb one-loop coupling is 
recovered. That is, the EW- Yukawa corrections 
to the h'^bb coupling decouple in the limit of large 
SUSY masses and large Ma- However, if the mass 
parameters are not all of the same size, then the 
decoupling behavior can be modified. If Ma is 
light, then the corrections to the h^bb coupling 
generically do not decouple in the limit of large 
SUSY mass parameters. 

The decoupling behavior of the radiative cor- 
rections to the h'^bb coupling implies that distin- 
guishing from the SM Higgs boson will be very 
difficult if A'^ and the SUSY spectrum are heavy. 



even after one-loop SUSY corrections are taken 
into account. However, because of the enhance- 
ment at large tan /3, the onset of decoupling is 
delayed, and the corrections can still be at the 
percent level for tan/3 50 and all SUSY mass 
parameters and Ma of order 1 TeV. Such effects 
could be detected in precision Higgs studies and 
provide a critical window to the TeV-scale. 
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